ABSTRACT. Light-emitting diode (LED) 
ight is one of the critical environmental factors in poultry production. The spectral sensitivity of broilers is superior to that of humans, and certain light sources may appear brighter to broilers than to humans (Lewis and Morris, 2000) . Thus, light not only yields benefits based on visual function, helping birds to perform basic activities such as walking and feeding, but may also be expected to serve non-visual functions in the birds. An increasing number of researchers have found that light is closely correlated with the productive performance, activity, carcass quality, and welfare of broilers (Classen et al., 1991; Sørensen et al., 1999; Rozenboim et al., 2004) .
The light environment in broiler production is defined by its intensity, wavelength spectrum, and photoperiod duration (Manser, 1996) . Among these factors, intensity has been demonstrated to be primarily correlated with broiler behavior and activities. Broilers reared under light intensities that alternated between 100 and 5 lx were more active during the periods of high-intensity lighting (Davis et al., 1999; Kristensen et al., 2006a) . Skeletal health could be improved by stimulating activity at higher light intensity, improving the welfare of the birds (Newberry et al., 1988; Blatchford et al., 2009 ). High intensities have been suggested to improve welfare, resulting in more pronounced behavioral rhythms and comfort behaviors (Blatchford et al., 2009; Alvino et al., 2009 ). However, poultry in modern commercial facilities are reared in dim lighting of less than 5 lx to inhibit the activities of the birds and increase feed efficiency (Prescott et al., 2003) despite the U.K. Farm Animal Welfare Council (FAWC, 1992) recommendations of at least 20 lx. Under lighting of low intensity, numerous adverse effects may occur, e.g., increased adrenal weight, increased visual and leg problems, and decreased activity and livability (Siopes et al., 1984, Davis and Siopes, 1985) . Thus, the light intensity distribution in broiler production facilities must be carefully managed with consideration of the preferences of broilers.
In a full-sized broiler house, the light intensity distribution is dependent on the type and arrangement of light sources. Light-emitting diode (LED) light sources show a high potential to replace traditional incandescent lamps in broiler production facilities. LEDs offer clear advantages in energy efficiency (Rosenthal and Barringer, 2009) . Numerous studies have investigated the effect of the wavelength spectrum on broilers (e.g., Rozenboim et al., 1999a; Rozenboim et al., 2004; Cao et al., 2012) , but information about the uneven distribution of light intensity and its subsequent effects on broilers is extremely limited. Unlike incandescent and fluorescent lamps, LEDs normally have small emitting angles. All light emitted by an LED light source can reach the floor and thus be fully used, saving energy. However, the floor light field generated by a single LED is relatively small and unevenly distributed, with intensities decreasing sharply from the center. Because animals generally behave to maximize their welfare (Dawkins, 1990) , it is necessary to investigate the behavioral preferences and performance of broilers under such an unevenly distributed light field. The configurations of LED arrays could be further determined to meet the demands of broilers.
In addition, lighting duration, another major aspect of light, has also been shown to alter broiler performance and activities. Gordon (1984) showed that conventional nearcontinuous lighting could improve broiler welfare. The results of previous studies suggest that an absolute minimum uninterrupted dark period of 4 h should be provided, but the requirements for sleep may be higher during certain phases of the growth period (Blokhuis, 1983) . However, systematic studies in relation to behavior and resting regime, especially in an open lighting environment with free choices, are extremely scarce.
The purpose of this experiment was to investigate the behavioral preferences, performance, and activity patterns of broilers exposed to unevenly distributed yellow LED lights with different light intensities. The benefits of yellow LED lights for broilers were investigated in our previous study (Jiang et al., 2012) .
MATERIALS AND METHODS

PENS WITH UNEVENLY DISTRIBUTED LED LIGHTS
The experiment was performed at the Yuhang Qinqin Poultry Farm, Hangzhou, China. As shown in figure 1, four pens (3 m wide × 2 m long × 2 m high) were developed to provide two unevenly distributed light fields with different maximum light intensities (MLIs) of 90 lx (group MLI-90) and 60 lx (group MLI-60) in a design including replicates. The four sides of each pen were surrounded by a 2 m high white plastic net barrier to prevent the birds from escaping and a layer of 2 m high silver shade cloth to block external light. Each pen was divided into two portions by one piece of silver shade cloth. One portion was used as the lighting area (LA). The other portion was used as the non-lighting area (NA), with light intensity of less than 2 lx. The distance from the bottom of the silver shade cloth to the floor was properly adjusted to allow the birds free access according to their height.
In each pen, a yellow LED tube (model LTBB52, Langtuo Biotechnology Co., Hangzhou, China; peak wavelength = 591.1 nm, half wavewidth = 16 nm, rated power = 4.32 W) was installed at a height of 1.5 m above the center of the bottom side, producing an unevenly distributed light field ( fig. 1a) . Two levels of MLI, 90 lx for group MLI-90 and 60 lx for group MLI-60, were obtained by regulating the voltage of the LED tubes with a pulse width modulation (PWM) controller. The LED tubes remained on throughout the experiment. The LA was subsequently divided into three 1.5 m 2 subzones, i.e., high intensity (HI), medium intensity (MI), and low intensity (LI), with light intensities that showed a smooth decrease as a function of the distance from the LED tube. The floor light distribution for the two groups is shown in figure 1b . The average light intensity in LA for groups MLI-90 and MLI-60 was 20.1 and 12.9 lx, respectively. The NA was maintained below 2 lx because it was shaded by the silver shade cloth. Each subzone of LA was furnished with a set of feed and water troughs at suitable positions (fig. 1a) . The NA did not offer any water or food since previous studies found that feed consumption of broilers in dark periods was negligible under a photoperiod of 12 h (Squibb and Collier, 1979) or 14 h (Masic et al., 1974; Buyse et al., 1993 ). An entry door (2 m height × 1 m width) was installed in the exterior wall of each pen for daily management.
MANAGEMENT OF BROILERS
A total of 120 two-week-old Xiaoshan female broilers were bought from the Zhejiang Guangda Breeding Poultry Corporation (Jiaxing, China) and randomly distributed to the MLI-90 and MLI-60 pens, with 60 broilers per pen. The light source during the two-week brooding period was incandescent. After one week, the 60 broilers in each pen were randomly divided to form replicates and tested for eight weeks. The birds in each pen were free to eat, drink, and stay at any position. The litter (wood shavings) was replaced weekly. Feed and water were provided ad libitum to reduce the competition caused by limited food and water. Each feeding and watering device was specifically supplied with adequate food and water daily to ensure that the food and water would be consumed in one day. Three types of feeders and drinkers with the same base plate were used to meet the above requirement. Moreover, the feed and water were renewed daily to prevent the birds from forming preferences for familiar odors. The feed and water troughs were raised periodically to approximately the height of the junction of birds' wings to the body to facilitate birds' eating and drinking. According to the natural day-night alternation rhythm at the study location (Hangzhou city), the daytime was 6:00 to 17:00 and the nighttime was 17:00 to 6:00 the next day. The ambient temperature and relative humidity in the pens during were 25°C to 30°C and 62% to 70% during daytime and 16°C to 20°C and 55% to 60% during nighttime. The temperature and relative humidity were not manually controlled as it was not easy to keep these conditions evenly distributed in such large and complicated experimental zones.
MEASUREMENTS AND DATA ANALYSES
The food and water intake in each subzone of LA were recorded daily. The remaining food and water were recorded daily. The body weight (BW) of each bird was recorded every two weeks. The indexes obtained from the measurements were the feed intake (FI), water intake (WI), feed conversion ratio (FCR), uniformity (= standard deviation of BWs of all birds / average BW of all birds × 100%), and growth rate. The light intensity was measured with a light meter (AR823, Shuangxu Electronics Co., Ltd., Shanghai, China) at the floor level.
Behavioral studies were conducted at 21, 28, 35, 42, 49, 56, 72 , and 77 days. Each pen was equipped with one CCD camera (DH-CA-D481/3, Dynavest Technologies SIN, Hangzhou, China) suspended immediately above the center of LA at a suitable height. The camera's field of view covered all of LA accurately but did not cover NA.
The distribution of the birds in the three subzones of LA and in NA was manually determined from images derived from the video recordings at a sampling interval of 15 min. This sampling interval is recommended because it is sufficient to include more than 95% of the variation in the distribution of the birds (Kristensen et al., 2007) . The position of each broiler was determined by recording the position of its eyes as a landmark for the location of the body in the pen. Analysis of the characteristics of the daily distribution was performed separately for the daytime hours (6:00 to 17:00) and the nighttime hours (17:00 to 6:00 the next day). The total distribution pattern on each day could then be obtained by summation. The daily distribution pattern fre- quencies of group MLI-90 at 35 and 70 days were selected as examples of the standard pattern. The data were analyzed with SPSS (ver. 17.0). Means and significant interactions were compared with a Duncan's multiple range test based on a 95% confidence level.
RESULTS AND DISCUSSION
PERFORMANCE CHARACTERISTICS AMONG GROUPS
Performance, including BW, growth rate, uniformity, FCR, and mortality, was not significantly affected by light intensity (table 1) . The water intake also showed no overall differences as a function of light intensity. Although group MLI-60 showed a temporary decrease in feed intake at six and nine weeks (p < 0.05, respectively), the overall feed intake and FCR were not affected. Mortality was zero throughout the study, suggesting that the varying light intensity from 90 to 60 lx in uneven LED lighting environments had no apparent effect on mortality. Mortality differences attributable to lighting programs are seldom observed unless the lighting levels approach 10% (Lien et al., 2007) .
These findings are consistent with most previous research. The literature shows that light intensities ranging from 1 to 150 lx do not affect BW, feed consumption, or FCR during the growing-out period (Skoglund and Palmer, 1962; Newberry et al., 1988; Kristensen et al., 2006b; Lien et al., 2007; Deep et al., 2010) . However, the findings of the present study contradict several previous conclusions that higher light intensities during the growing-out period result in increased body weight and improved feed conversion over a range of 3 to 31 lx (Weaver and Siegel, 1968) and that lower light intensities (1 and 5 lx) increase BW and FCR relative to higher intensities (100 and 150 lx) (Charles et al., 1992) . It was unknown whether genetics contributed to the different effects on performance under different light intensities.
It is generally accepted that changes in photoperiod result in changes in consumption and, subsequently, in BW (Charles et al., 1992; Renden et al., 1993) . It has also been assumed that lower intensities may improve feed conversion due to a decrease in activity (Newberry et al., 1986; Downs et al., 2006) . However, no significant effect of lighting factors was found in this study. First, the light intensities for the experimental groups differed only slightly, and these small differences might not have produced differences in the productive performance of the birds. Second, the light environments employed in this study were extremely uneven and had similar average intensities. Third, the light environments used in this study, which were unevenly distributed and included a non-lighting area that the birds could choose freely, were extremely distinct from those used in previous studies. Above all, additional microcosmic studies are required to confirm the effect of light intensity on performance, especially in an uneven LED lighting environment.
FEEDING AND DRINKING PREFERENCES IN SUBZONES WITH DIFFERING LIGHT INTENSITIES
In this study, the feed and water intake for the subzones served as the indicators of subzone preference for feeding and drinking behaviors. During the duration of the experiment, at least 50 g of remaining feed and water could be observed on any day in any set of feed and water troughs.
Throughout the experiment, a significant intensity preference for drinking was only observed in group MLI-60. No such preference was observed in group MLI-90 ( fig. 2a) . In group MLI-60, the birds preferred to drink in LI rather than in HI (p < 0.05). No significant differences were found between LI and MI or between MI and HI. No overall drinking preference was found for group MLI-90. A significant but temporary intensity preference was found for drinking behavior at different ages.
In both groups, the weekly water intake in HI appeared to increase with the age of the birds. The weekly water intake in MI increased slightly or remained steady, whereas the LI intake appeared to remain steady or occasionally decrease ( fig. 2a) . These results imply that the increase in water consumption with age resulted primarily from the use of the high intensity subzone. Alternatively, these results suggest a significant shift in preference for light intensity over the entire experimental period. The results for the water intake ratio further confirmed this assumption. With increasing age, the water intake ratio in HI increased at most by 19.2% and 20.0% in groups MLI-90 and MLI-60, respectively, whereas the water intake ratio in LI decreased in certain cases by 15.1% and 17.4% in groups MLI-90 and MLI-60, respectively. For the MI intake, only minor increases appeared in group MLI-90 (4.3% to 11.2%).
Temporary preferences appeared for both groups during certain phases of the experiment, namely, the fourth and fifth weeks. Furthermore, for both groups, LI and MI were the primary sites of water intake. The basis for this finding is that most four-week-old and five-week-old birds tended to drink at lower intensities. At subsequent ages, the birds tended to show an increased intake in HI and a decreased intake in LI. Nevertheless, no significant preference appeared at any subsequent age. It is possible that no such preferences were detected because of the masking effect of the marked fluctuations within replicates. Of course, such fluctuations might indicate a greater diversity and complexity of individual behavior.
Overall, LI was most preferred for feeding (p < 0.05) for group MLI-60, whereas no significant difference in feeding among the three subzones was found for group MLI-90. Figure 2b shows the changes in feeding preferences with age. Clearly, the feed intake in the three subzones increased with the age of the birds. Generally, no significant differences over time in the preference for light intensity could be observed except at ten weeks (group MLI-90), four weeks, and six weeks (group MLI-60). Moreover, compared with the water intake, the feed intake in each subzone increased more slowly and proportionally. The ranges of variation of the feed intake ratio for HI, MI, and LI were 5.8%, 2.7%, and 5.8%, respectively, for group MLI-90 and 6.3%, 3.1%, 4.9%, respectively, for group MLI-60. On the whole, the drinking preference for light intensity may have been more variable than the feeding preference.
Research has shown that light intensity influences behavior, e.g., feeding, dust-bathing, and pecking behaviors (Newberry et al., 1988; Boshouwers and Nicaise, 1993; Blatchford et al., 2009 ). The present study found a significant age-dependent effect on preference in accordance with previous studies (Kristensen et al., 2006b; Senaratna et al., 2010) . There may be several explanations for these agedependent changes in preference. Young chicks may not yet possess the ability to choose actively among light environments. The tendency for one individual to follow others to eat and drink at the same trough may demonstrate a social preference. (Each trough was large enough to serve all birds in the pen when the birds were young.) The changes in preference in later phases of the experiment may have occurred because the birds had adapted to the environment. Moreover, a relative decrease in living space and an unavoidable increase in competition for feed and water as the birds grew to adulthood may also be a reason for the observed changes in preference. (One trough can only serve eight adult birds simultaneously. Of course, all birds seldom chose to feed at the same time.) Thus, the marked fluctuations within two replicates, suggesting a diversity of behaviors within the same flock, appear readily understandable.
Nevertheless, the findings of the current study differ slightly from those of the few previous preference studies. Vandenberg and Widowski (2000) found that hens aged 20 to 23 weeks spent more time than expected feeding under a dimmer incandescent light (27 lx) rather than under a bright high-pressure sodium light (426 lx). However, the feed intake of these hens was not recorded. In contrast, Davis et al. (1999) showed that the highest of four intensities (6, 20, 60, and 200 lx) was consistently preferred for feeding and drinking by birds aged two and six weeks. Another study found that neither feeding nor drinking behaviors were affected by light intensity (5 and 100 clx, adjusted to the perceived illuminance determined for the fowl) (Kristensen et al., 2007) . In the present study, however, the preferred light intensities were all low intensity ranges (2 to 4.6 lx, 5.8 lx, or 7.6 lx). Substantial differences in lighting environments, including freedom of choice and uniformity of light distribution, might be the principal reasons. Presumably, broilers exposed to relatively free and open environments make choices that best meet their needs. These choices may be available only rarely in other settings because the environment in which the birds live offers only limited options. Additionally, several studies have shown that feeding patterns are influenced more strongly by day length than by light intensity per se (Morris, 1968; Savory, 1976 ). In the current study, however, the birds were free to choose among different intensities, including the non-lighting area, which was almost dark. As a result, the lighting time did not have a well-defined role in influencing the behavior but might contribute, along with the light intensity, to the effects on the birds' behavior. Further investigations are needed to determine the basis of these differences.
FREQUENCY DISTRIBUTION OF PRESENCE IN SUBZONES DURING DAYTIME AND NIGHTTIME
The video data showed that the period of the day and the age of the birds affected the preference for light intensity ( fig. 3) . The birds appeared to show a strong preference for the lowest intensity during the day and an increasing tendency for the strength of this preference to increase with age. At night, they showed a higher preference for medium intensity, but only at older ages, and showed no preference for the high or low intensity.
During the daytime (6:00 to 17:00), the birds of both groups spent most of their time in NA (p < 0.01), with this preponderance increasing with age. However, 21-week-old birds showed a weaker preference for NA. No significant preferences were found for other subzones at most times, with the exceptions of 4 and 11 weeks (group MLI-90) and 4, 9, 10, and 11 weeks (group MLI-60). During the night (18:00 to 5:00 the next day), time spent in all light intensities showed no significant differences at earlier ages, with relatively stable variation. Exceptionally, 21-day-old birds spent similar amounts of time in HI and MI, amounts higher than those spent in LI and NA irrespective of time (i.e., day and night). The reason for this finding may be that young birds, with an incompletely developed visual system, need brighter light and a longer illumination time. Moreover, the same preference to spend time in HI and MI also appeared during the last three weeks (group MLI-90) and five weeks (group MLI-60) of the study. Moreover, MI was the preferred zone (p < 0.05). For both groups, the diurnal preference for NA was much stronger than the nocturnal preference for MI (p = 0.006 for group MLI-90, p = 0.005 for group MLI-60).
The overall results showed that for groups MLI-90 and MLI-60, NA was significantly preferred in the daytime (p = 0.000 for both groups). During the night, however, significant differences were only found in group MLI-90, and the dominant subzones were MI and NA (p = 0.002).
The time period within the day affected preferences significantly. The lowest intensity was consistently most strongly preferred in the daytime, whereas no distinctive differences in light intensity preferences were observed at earlier ages during the nighttime hours. The effect on preferences of the time period within the day has been demonstrated by previous studies (Kristensen et al., 2007; Mendes et al., 2012) . Senaratna et al. (2012) showed that the frequency of occurrence of many behaviors (e.g., sleeping, eating, lying) differed significantly in response to the inter- action among the period of the day (morning, evening, and night), the color of the light, and the age of the animals. For example, the highest frequencies of eating and sleeping were only recorded under white light at night (10:00 p.m. to 12:00 midnight). Additional studies of this topic have been conducted (Kristensen et al., 2007; Mendes et al., 2012) . The animals' internal circadian rhythms appear to be the most reasonable explanation for this periodic effect. Specifically, animals in a relatively constant environment show a regular behavior pattern because of increased experience with environmental factors that occur or change periodically.
In this study, the birds spent most of their time in the non-lighting area during the day, except at the age of 21 days. Although similar studies are scarce, this result is not surprising given certain behavioral characteristics of poultry. A previous report (Olanrewaju et al., 2006) showed that continuous lighting at approximately 20 lx will ensure that chicks acclimate properly to their environment, as indicated by optimal feed and water intakes. It has been suggested that birds might choose an intensity of approximately 20 lx on their own initiative. Davis et al. (1999) found that both broiler and layer strains spent most time in the brightest available environment (200 lx) at two weeks of age but in the dimmest (6 lx) available environment at six weeks. This apparent change in preference was associated only with the two behaviors that took the most time, i.e., resting and perching. Senaratna et al. (2012) also showed that lying behavior in broilers occupied the greatest proportion of time (50.3% at four weeks and 44.71% at five weeks). Thus, given the above evidence, it appears that the birds simply preferred to rest or perch or just to lie in a dimmer area during the day but did not prefer dim light for performing all of their activities. However, because specific behaviors were not detailed in this study, this hypothesis cannot be verified. This topic should be examined in future studies.
The birds' preference for light intensity during the night was moderate compared with their preference for light intensity during the day. A previous study (Blatchford et al., 2009) indirectly revealed higher activity during the photophase than during the scotophase on the basis of data obtained from passive infrared detection (PID) devices used to measure the activity patterns of flocks. Although Nielsen et al. (2003) did not record behavior directly, they speculated on the basis of indirect evidence that nocturnal activity consisted primarily of feeding and drinking, a simpler behavior pattern than that occurring during diurnal activity. However, no further comparisons of preference have been conducted to compare preferences between two time periods. Note that the connotations of "daytime" and "nighttime" in the current study differ from those in other studies. This study refers to the ambient environment, in which natural sunrise and sunset occurred beyond the immediate living environment of the birds. However, all of the birds studied still lived in a constant environment with, e.g., various light intensities available for free access and sufficient feed and water. Nevertheless, rhythmic changes in behavior still occurred in the flock. Particular environmental features might be the explanation for these patterns.
Relatively few environmental changes occurred during the night, whereas many changes occurred during the day. These changes included a higher external temperature, lower humidity, lower oxygen content in the air, and more noise from outside. All of these characteristics may have influenced the birds' behavior. For example, in the nighttime, a lower external temperature would surely affect the temperature in the pen to a certain extent. Under these circumstances, the chicks would tend to seek warmth. The choice of a bright, and therefore warmer, environment would appear to be a good decision under these circumstances. During the experiment, chicks formed clusters more often during the night than during the day. Further research on such behaviors in relation to the environment should be conducted.
Young birds (21 days old) demonstrated a significant preference for higher intensity irrespective of day and night. The reason for this preference may be that young birds, with an incompletely developed visual system, need brighter light and a longer illumination time. Figure 4 shows the daily presence frequency in LA. For both groups, the preference for LA showed different patterns during the two different portions of the day. The first pattern shifted to the second pattern after 17:00. From 6:00 to 17:00, i.e., during the daytime, the proportion of time spent in LA remained at a low level compared with the proportion of time spent in LA from 18:00 to 5:00. During each of these two portions of the day, the proportion of time spent in LA first increased and then decreased. The two peaks in the proportion of time occurred at approximately 10:00 and 0:00 (midnight). Moreover, the effects of bird age and period of the day are clearly visible. The birds spent more time in LA during the night than during the day, and young birds spent more time in LA than adult birds. Additional studies of the resting patterns of broilers should be conducted.
FREQUENCY DISTRIBUTION OF DAILY PRESENCE IN THE LIGHTING AREA
In this study, NA was an environment with less than 2 lx and was a relatively dark area. Thus, the preferences shown regarding NA and other lighting zones are partially equivalent to choices of illumination times. Among various lighting regimes (12L:12D, 16L:8D, and 20L:4D; Classen, 2004) , a moderate day length of 16 h is most often accepted and widely used (Renden et al., 1996) . The 16L:8D regime is known to be associated with potential welfare benefits, including lower physiological stress and improved immune response (Davis et al., 1997; Rozenboim et al., 1999b) .
Actually, according to the analysis of the detailed daily information in our study, the preferences for lighting hours could also be obtained by calculation. In group MLI-90, young birds (35 days old) spent 7.1 and 9.4 h in LA during the daytime and nighttime, respectively; for adult birds (70 days old), the corresponding times spent in LA were 3.5 and 7.7 h, respectively. Similar results were apparent for group MLI-60. Naturally, such photoperiods require that light be provided in two stages: daytime and nighttime. Nevertheless, the actual implementation methods, including identification of suitable times for lighting and darkness, require additional study. Further progress is necessary before this concept can be applied in practice.
Preference tests must be conducted with caution because animal behavior is a comprehensive response to many factors. The preference test itself is also multifactorial. Previous experience influences individual preferences. For this reason, it might be important to ensure that all the resources are equally familiar to the broilers before the birds are allowed to choose among different factors (Sherwin, 1998; Davis et al., 1999; Senaratna et al., 2012) . Moreover, the social nature of broilers, which is a common characteristic of many other species as well, could also influence the birds' individual preferences.
Accordingly, further studies should be conducted, e.g., studies of differences between individual preferences and the majority preference, and studies of other specific behavior patterns (resting, pecking, and scratching). As a statistical product of preference tests, this information can potentially furnish guidelines for designing lighting regimes for use in practical production.
CONCLUSIONS
Alternative light intensities of 90 and 60 lx in uneven LED lighting environments had no effect on overall broiler performance. Young chicks preferred to drink in the lowintensity areas; older birds did not show any drinking preference with respect to light intensity, although there was a decreasing drinking tendency under low intensity and an increasing tendency under high intensity.
Feed intake was not affected by light intensity at most times. The birds showed a temporary preference for feeding in the low-intensity subzone at young ages and a temporary preference for feeding in the high-intensity subzone at older ages. The overall results indicated that only group MLI-60 showed marked subzone preferences for drinking. Group MLI-60 was observed to show an overall subzone preference for drinking.
The birds showed a diurnal preference for the lowest intensity (<2 lx) and a nocturnal preference for the medium intensity. The daily overall results showed a higher preference for the non-lighting area in both groups. The preference-based lighting regimes inferred from the results of this study showed that the birds need less lighting time during the day than during the night. The production performance results were based on a small number of birds (a total of 120 broilers, 60 per regimen); hence, they should be used with some degree of caution.
